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This research explored the potential failure mode and effect(s) of failure for a bearing production 
process in a manufacturing system. In this research, Pareto Charts, Cause and Effect Diagrams 
(Ishikawa/Fishbone), and Statistical Process Control Charts (SPC) interlinking Process Failure 
and Effects Analysis (PFMEA) were used in order to analyze the major potential failure mode 
and effect(s) in making bearings. The goal of this research was to analyze the failure effects and 
provide improving methods for enhancing efficiency and customer satisfaction. The researcher 
revised a previous PFMEA of the bearing production with the recommended actions to meet the 
current status of the production process. The data of first past yield (number of pieces of 
reworked), scrap pieces and cost, and internal Parts Per Million (PPM) were analyzed to assist 
the researcher and the quality team in reducing the Risk Priority Number (RPN) of the current 
process steps. This research also focused on reducing the highest number among severity (SEV), 
occurrence (OCC), and detection (DET) in order to improve production and enhance efficiency.
 The researcher and quality team had taken certain recommended actions in advance while they 
first revised the PFMEA. Those actions already appeared to have a positive impact on reducing 
the scrap cost and Internal PPM. After recommended actions were taken, the scrap cost and 
internal PPM had been decreased 23% and 25%, respectively. Using Minitab Software, the 
researcher also utilized Pareto Chart, Cause-and-Effect Diagram, and SPC Chart in order to 
analyze the process for effective recommendations for the process improvement.  
 
Accepted by:    ______________________________, Chair 
   Dr. Ahmad Zargari 
 
______________________________ 
 Dr. Nilesh Joshi 
 
______________________________ 
    Dr. Qingzhou Xu
Acknowledgements 
I would like to express my very great appreciation to the manufacturing plant where this 
research was conducted. I really appreciate the opportunity of my internship so that I can utilize 
my theoretical knowledge in the real world.  
I would also like to thank Dr. Ahmad Zargari, chair of my committee, who has provided me 
extensive personal and professional guidance and inspired me to continue in engineering field. 
Dr. Nilesh Joshi, who has assisted my thesis as one of four mentors. He is always positive and 
providing helps whenever I need. Thanks to Dr. Kouroush Jenab, my thesis director. I would also 
like to acknowledge Dr. Qingzhou Xu, I am gratefully indebted to his for his very valuable 
comments on this thesis.  
Finally, I must express my very profound gratitude to my parents Mr. Hao Pang, Mrs. Xin 
Wang and my boyfriend Anthony Holbrook for providing me with unfailing support and 
continuous encouragement through my years of study. This accomplishment would not have 
been possible without them. Thank you!  
Table of Contents 
QUALITY IMPROVEMENT WITH PFMEA IN A MANUFACTURING SYSTEMS 
CHAPTER I 
INTRODUCTION .......................................................................................................................... 1 
1.1 Background of Lean Manufacturing ..................................................................................... 1 
1.2 Background of Failure Modes and Effects Analysis (FMEA) .............................................. 1 
1.3 Background of Quality Control ............................................................................................ 2 
1.4 Purpose of the Research ........................................................................................................ 3 
1.5 Objectives of the Research .................................................................................................... 3 
1.6 Significance of the Research ................................................................................................. 3 
1.7 Definition of Terms ............................................................................................................... 4 
1.8 Summary ............................................................................................................................... 5 
CHAPTER II 
LITERATURAL REVIEW ............................................................................................................ 6 
2.1 Beginning of PFMEA ........................................................................................................... 7 
2.2 The Advantage of PFMEA ................................................................................................... 8 
2.3 Summary ............................................................................................................................. 10 
CHAPTER III 
METHODOLOGY ....................................................................................................................... 11 
3.1 Site ...................................................................................................................................... 11 
3.2 Research Design .................................................................................................................. 11 
Method One - Pareto Chart ................................................................................................... 12 
 ii 
Method Two - Cause and Effect (Fishbone/Ishikawa) Diagram .......................................... 14 
Method Three - SPC Control Chart ...................................................................................... 15 
CHAPTER IV 
FINDINGS .................................................................................................................................... 17 
4.1 Data Collection ................................................................................................................... 17 
4.2 Data Analysis ...................................................................................................................... 21 
CHAPTER V 
IMPLICATION AND RECOMMENDATION ........................................................................... 28 
5.1 Recommendation ................................................................................................................ 28 
5.2 Implication .......................................................................................................................... 28 
5.3 Limitations & Recommendation for the future study ......................................................... 33 
REFERENCES ............................................................................................................................. 34 
APPENDIX ................................................................................................................................... 37 
Appendix A: A Temple of Job Instruction Breakdown (JIB’s) ................................................ 38 
Appendix B: Excel Spreadsheet of ordered RPN of PFMEA ................................................... 39 
Appendix C: Pareto Chart of Reason for Set Up Scrap in July 2017 ....................................... 40 
Appendix D: Pareto Chart of Reason for Set Up Scrap in August 2017 .................................. 41 
Appendix E: Pareto Chart of Reason for Set Up Scrap in September 2017 ............................. 42 
Appendix F: Pareto Chart of Reason for Set Up Scrap in October 2017 ................................. 43 
Appendix G: Pareto Chart of Reason for Set Up Scrap in November 2017 ............................. 44 
Appendix H: Pareto Chart of Reason for Set Up Scrap in December 2017 ............................. 45 
Appendix I: Pareto Chart of Reason for Set Up Scrap in January 2018 ................................... 46 
 iii 
Appendix J: Pareto Chart of Reason for Set Up Scrap in February 2018 ................................. 47 
Appendix K: Pareto Chart of Reason for Set Up Scrap in March 2018 ................................... 48 
 
List of Tables 
Table 1 List of Academic Journals	 ______________________________________________________________________________________	7	
Table 2 Percentages of Different Potential Cause(s) of Failure within First 80%	____________________________________	22	
Table 3 Main Reasons of 80% Set Up Scrap	___________________________________________________________________________	24	
Table 4 SPC Data for Paint Thickness of A Block	_____________________________________________________________________	25	
Table 5 Average Monthly Set-Up Amounts of JAN 2017 to Feb 2018	_________________________________________________	28	
Table 6 Average of Internal PPM from JAN 2018 to FEB 2018	_______________________________________________________	29	
 
List of Figures 
Figure 1 A Pie Chart of Literature Review	______________________________________________________________________________	6	
Figure 4 A Template of the Cause-and-Effect Diagram (Created by the researcher)	_________________________________	15	
Figure 5 A Template of the DET Ranking (Provided by the facility)	__________________________________________________	16	
Figure 8 Pareto Chart of Potential Cause(s) of Failure (Created by the researcher)	________________________________	21	
Figure 9 Cause-and-Effect of Set Up Error (Created by the author)	__________________________________________________	23	
Figure 10 Process Capability Sixpack for Paint Thickness (Created by the researcher)	_____________________________	27	
Figure 11 Current Scrap Form (Provided by the facility)	_____________________________________________________________	32	
Figure 12 New Form for Scrap/Teardown/Rework (Created by the researcher)	 _____________________________________	32	
Figure 13 Trending of Set Up Cost From JAN 2017 to FEB 2018	 ____________________________________________________	29	




1.1 Background of Lean Manufacturing 
Lean manufacturing originated from the manufacturing plant of Japan's Toyota Motor 
Corporation in the 1950s. Lean manufacturing refers to as the production of the largest output 
with minimal cost; the ultimate goal is to make the fastest response for the most market demand 
with the best quality and the lowest cost. Lean manufacturing is a set of principles, concepts and 
technologies for continuously improving the production system and increasing customer 
satisfaction through eliminating the wastes in the entire production process.  
With the changes in the market environment, the corporate competition put more attention 
on finding new ways to substantially increase productivity, cut down the response speed (cycle) 
and reduce the cost. The traditional enterprise structure and their operation mode became the 
obstacle to the development of enterprises. Lean manufacturing so called “the 21st century 
manufacturing mode” has drawn much attention from the manufacturing industries all over the 
world. Lean thinking becomes the common orientation of the manufacturing industry in the 
world (Chen He, 2013).  
1.2 Background of Failure Modes and Effects Analysis (FMEA) 
FMEA transforms quality control from remedies after the production to prevention in the 
early phase. In the process of implementing FMEA, one of the most significant features is the 
exchange of interdisciplinary knowledge among departments with different people. The 
members of the evaluation team are professionals from different department and fields in the 
facility.. The successful implementation of FMEA depends on the ability of the team in roost 
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cause analysis and problem solving. This kind of teamwork can be more broad-minded that can 
make up for any lacking expertise.  
Timeliness is another key feature of FMEA. The time frame for completing the FMEA 
should be between early design phases and mass-produced so that minor failures may be avoided 
in advance with minor costs. In the meantime, the evaluation documents formed by the FMEA 
are also time-sensitive, and some changes of objective conditions, such as industry regulations, 
production equipment, and measures that have already been improved, need to be revised to 
ensure that the contents of the FMEA document adopts current production processes. Although 
the FMEA might seem a bit cumbersome with a lot of manpower and time spent on the appraisal 
of possible failures, it would reduce the consequences of rework, scrap, and other issues in the 
early stage. If the risk of failure can be kept to lower level, this would be significant for the 
production process and the manufacturing facility.  
FMEA can be classified to Process FMEA and Design FMEA. the Process FMEA is used to 
examine the ways by which the reliability and quality of a product or service can be jeopardized 
by the manufacturing and assembly processes. According to the characteristics of these two types 
of FMEA, process FMEA (PFMEA) would be the most appropriate type for analyzing the 
potential failure mode and effect(s), exploring the root cause and providing recommendation 
action(s) to reduce the risk (RPN).  
1.3 Background of Quality Control  
 Quality control appeared during 1920s. It was initially used to define and control the 
quality of the products and ensure the final products meet the requirements of engineering and 
customers. With the development of technology, the manufacturing process has become more 
complex. The quality control has adopted into a statistical method for monitoring and controlling 
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the variation of a product process. There are seven quality tools that are being used in current 
manufacturing. These are: Pareto Chart, Histogram, Scatter Diagram, Check Sheet, Flow Chart, 
Cause-and-Effect Diagram (Ishikawa/Fishbone) and Statistic Control Chart (Besterfield, 2003). 
These quality control tools are also known as problem-solving tools that can be used to continue 
improving the process consistently.  
1.4 Purpose of the Research 
The primary purpose of this research was to explore the potential failure mode and potential 
effect(s) of failure for a bearing production process in manufacturing. The researcher used Pareto 
Charts, Cause and Effect Diagrams (Ishikawa/Fishbone), and Statistical Process Control Charts 
interlinking PFMEA in order to analyze the major potential failure mode and effect(s) in making 
this type of bearing. The goal of this research is to analyze the major failure causes and effects, 
recommended actions to reduce the RPN and the highest number among SEV, OCC, and DET in 
order to improve production and enhancing efficiency. 
1.5 Objectives of the Research 
The research objectives are as followings:  
• Scrap Cost reduction from a bearing production 
• Internal PPM reduction from a bearing production 
• Reduce the highest number among severity, occurrence, and detection within PFMEA 
1.6 Significance of the Research 
This particular type of bearing that is analyzed in this research is the most widely produced 
in the facility and can resonate across different departments due to the similarity of production 
processes. Pareto Chart, Cause and Effect Diagram, and Statistical Process Control Chart was 
used to analyze the major failure mode and effect(s). The failure mode(s) would cause scrap, 
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rework and customer dissatisfaction. The 80/20 rule of the Pareto Chart was used to solve 20 
percent of the causes of failure to improve 80 percent efficiency of the production processes. 
Analysis of the PFMEA for this type of bearing would improve the manufacturing process. The 
facility would modify the processes in order to decrease scrap, rework costs, and improve 
internal PPM and customer satisfaction. The result of this research would be important to the 
facility, which wants to use PFMEA and Pareto Chart to improve the production processes and 
enhance efficiency.  
1.7 Definition of Terms 
DET refers to how well you can detect/prevent the cause of failure mode.  
First Pass Yield is defined as the number of units coming out of a process divided by the 
number of units going into that process over a specified period of time. Only good units with no 
rework or scrap are counted as coming out of an individual process.	
Gemba Board is a Japanese word for “where the work happens”.  
HET is “high energy team”, a group of people working together for a common cause. They 
usually are working in the same area/department.  
Ishikawa Diagram is a visualization tool for categorizing the potential causes of a problem in 
order to identify its root causes.  Also called a cause and effect diagram or a fishbone diagram.	
JIB’s is Job Instruction Breakdown. It addresses the “what, how and why” of a method for 
performing work.  
Kaizen includes “flow kaizen” and “process kaizen”. They both refer to a continuous, 
incremental improvement in an activity to increase more value with decreasing waste (Womack, 
2003). Flow kaizen focuses on material and information flow while process kaizen focuses on 
employees and process flow (Mike Rother and John Shook, 1999). 
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OCC refers to the frequency of a specific cause of failure.  
Process FMEAs is used to examine the ways the reliability and quality of a product or service 
can be jeopardized by the manufacturing and assembly processes. 
Pareto Chart is a statistical quality improvement tool that shows frequency, relative frequency, 
and cumulative frequency of problems in a process or operation. 1 It is a bar chart that 
demonstrates the frequency of issues in a process or operation. It helps a quality manager to 
identify the main issues in a process in order to solve the major problems.  
Pk is when the manufacturing “promise” to deliver the product to the customer. 
PPM means PARTS PER MILLION defective. This metric tracks the ratio of customer returns 
versus the number of products shipped.  This is a common quality metric. 
Rk is when the customer “requests” the product to be delivered. 
SEV is how severe the effect to the customer is.  
Statistical Process Control (SPC) is an industry-standard methodology for measuring and 
controlling quality during the manufacturing process.	
1.8 Summary  
 Lean manufacturing has a significant impact on today’s continuingly improving 
manufacturing systems. It is not only a method; it is also a value in itself. In the next chapter, the 
previous study was analyzed to have better understanding of this subject. 
 
 





The researcher analyzes the twenty-eight most cited academic articles to assist the research 
theoretically.  
 
Figure 1 A Pie Chart of Literature Review 
Among them, 36 percent of these articles are about analysis quality improvement and 
management/reliability; a similar percent of articles are about PFMEA; approximately 10 percent 
are on SPC, Fishbone, and Pareto Chart. Table 1 presents the journals from which these 
academic articles come. The researcher used the most authoritative engineering academic articles 




















Table 1 List of Academic Journals 
International Journal of Operations & Production Management 
International Journal of Production Research 
Ceramic Industry 
Nirma University Journal of Engineering and Technology 
International Journal of Quality & Reliability Management 
	
 
2.1 Beginning of PFMEA 
FMEA initially began in the mid-1960s. FMEA first appeared in the aerospace industry field, 
which was used for the Apollo Moon-Landing project in the United States. It was only applied to 
continue to improve its documentation and serve as a tool for self-examination. According to 
Dachang Tang (2012), the FMEA method was widely used during the late 1960s and early 1970s 
in R & D (Research and development) of major military commands in the fields of aviation, 
spaceflight, ships and weapons. In 1972, it was formally adopted by NAAO as a reliability plan. 
In 1976, the U.S. Department of Defense began to adopt FMEA as a standard for R & D and 
logistics management by the tie-in team. In a real sense, FMEA ushered in a period of great 
development, and was widely used until the 90's. 
In 1990, the American Gas Association was recommended to use FMEA during the design 
phase. The U.S. railroad industry was also recommended to use FMEA process to improve the 
safety factor for the quality and safety in the train. At the same time, ISO9000 also started to use 
the FMEA process in product and project design review.  
In 1993 under the American Society for Quality Control (ASQ), the American Association 
of Automobile Manufacturers and Automotive Industry Action Group (AIAG), three major US 
auto factories, developed a set of “potential failure mode and impact analysis reference manual” 
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for the automotive industry to use all the components, which included General Motors, Ford, 
Chrysler, respectively. This established the necessity of FMEA in the U.S. automotive industry.  
While the FMEA became an integral part of the QS9000 quality system, the automotive, 
electrical and motor industries were also beginning to integrate FMEA related concepts and 
guidance systems into their own manufacturing operations. It was making it as an important part 
of the quality management system in these industries. Today, after more than half a century's 
development, evolution and accumulation; the FMEA has become an indispensable quality tool 
for manufacturing faculties, companies and other fields. It has been applied in aerospace, 
aerospace, electronics, machinery, automotive, shipbuilding and other industrial fields. It has 
achieved remarkable results in industrial design and manufacturing process for product quality 
and reliability to improve the quality of related activities. FMEA was clearly defined as a 
mandatory method of quality improvement in the Sigma approach, ISO9000, ISO/TS16949, 
QS9000, product part approval processes and advanced product quality planning standards. 
FMEA has become the indispensable method of reliability analysis in the development of 
product systems in various industries.  
2.2 The Advantage of PFMEA 
Murphy's Law  
According to Murphy's Law, nothing is as simple as it seems, and it always happens if there 
is a potential failure. Therefore, FMEA is used precisely in order to continuously reduce the 
possibility of risk, and strengthen prevention in advance, reduce the time of rework and increase 
customer satisfaction. The following are the advantages of PFMEA: 
1. Companies and manufacturing facilities, in the development of the evaluation criteria, 
focuses on a specific analysis of customer needs. Customer needs will be included in the 
 9 
standard, and will be conducive to product performance and quality to better meet customer 
expectations, thereby enhancing customer acceptance. For the production process, if the 
operator can view the next process as a “customer”, they can also reduce the process of 
“rework” and other issues. 
2. PFMEA helps enterprises and manufacturing facilities solve technical problems through a 
large number of data accumulated for the company or manufacturing facilities’ future 
product design and production. This provides guidance to avoid making repeated mistakes. 
3. It helps improving the quality of the company and manufacturing facility’s work. 
Introducing PFMEA into a company by introducing a concept of continuous improvement 
and establishing such a platform for risk assessment will surely allow employees to 
gradually develop the concept that mistakes must be prevented during their work so as to 
improve the overall quality of work within the company or manufacturing facilities. 
4. PFMEA strengthens the connection between employees from different departments. Since 
PFMEA requires group work, it encourages cross-departmental cooperation and it requires 
members to actively communicate during the assessment process. In this way, they can 
promote mutual understanding among various departments and further promote cooperation. 
MIL-STD-1629A 
 According to MIL-STD-1629A, there are three phases in production that quality teams 
need to pay attention or give feedback/responses to as soon as possible. First of all, before a 
product is mass-produced, the quality team tries to avoid/eliminate the causes for failure as much 
as possible. Secondly, while the product is being produced, the quality team tries to 
detect/determine any potential failures. Thirdly, when a nonconforming product appears, the 
quality team tries to reduce the effect(s) of the failure as soon as possible. PFMEA allows the 
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manufacturer to avoid/eliminate the cause of failure at the earliest possible phase before a 
product is produced. It uses Risk Priority Number (RPN=SEV×OCC×DET) to evaluate every 
potential cause(s) of failure to prevent them in advance.  
2.3 Summary 
 According to the study of the previous research, PFMEA has a significant impact on 
preventing failures during the early phases and improving efficiency while the product is being 
mass-produced. In addition, PFMEA is usually interlinked with seven other quality tools in the 
same facility. In the next chapter, the researcher would use three of these quality tools, Pareto 
Chart, Cause-and-Effect Diagram, and SPC Chart, to assist the PFMEA in analyzing the data and 





Process FMEA was applied to discover and evaluate potential failure modes and failure 
consequences in products or production processes. It was also used to find out a set of systematic 
operation activities or technical skills that could help avoid or reduce the occurrence of these 
potential failure modes. As far as possible, continuous improvement of products and production 
processes are the inevitable trend of the development in manufacturing systems. It is significant 
to use the PFMEA as a professional and technical application to identify and help reducing the 
occurrence of potential failures during the design and production process in a manufacturing. 
PFMEA is widely adopted and applied for product reliability, product development, and quality 
control as well as other areas.  
3.1 Site 
This research was conducted in a manufacturing facility in the United States.  
The name of the state and the manufacturing facility will be omitted in order to avoid 
divulging confidential information.  
3.2 Research Design 
 This research utilizes mixed methods to identify themes related to FMEA from a bearing 
production line in a manufacturing facility, using quantitative data to explore qualitative findings. 
Mixed methods also mirror the ways that individuals use when integrating quantitative and 
qualitative data. Using the information of the First Pass Yield (number of pieces of reworked), 
internal PPM, scrap pieces and cost, the quantitative data from Pareto Chart were compared with 
the qualitative data from PFMEA in order to analyze the major issue(s) of the return products 
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from the production line of performance bearing. The research establishes improving methods 
for enhancing efficiency.  
Method One - Pareto Chart 
In order to perform PFMEA to reduce the Risk Priority Number (RPN) of the current 
process steps and the highest number of severity (SEV), occurrence (OCC) and detection (DET) 
number to achieve the goal of quality improvement, the researcher revises the previous PFMEA 
by updating the recommended action(s) and RPN that are originally released at March 2016. 
Figure 2 is the template of the PFMEA that issued in the facility. Figure 3 is a RPN ranking 
description. The template is attached in order to make the accurate decision on RPN. After 
revising the PFMEA to meet the current production processes, the researcher used Pareto Chart 




Figure 2 A Template of the PFMEA (Provided by the facility) 
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Method Two - Cause and Effect (Fishbone/Ishikawa) Diagram 
 The cause and effect diagram, which is also called as Fishbone or Ishikawa diagram, is 
used to analyze the possible modes of cause(s) which would affect the produce process of this 
Figure 3 A Template of the PFMEA Ranking (Provided by the facility) 
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bearing. The factors that would affect the result of products are based on Machine, Method, 
Material, Man, Measurement, and Environment. The quality team is brainstorming for the 
possible modes of cause(s) and developed a detailed cause and effect diagram for the future 
analysis. Figure 4 is a template that the researcher created that included these six main factors. 
Analyzing from these six main factors and their sub causes to the problem, the quality team and 
the researcher could identify the causes for the issues. On the other hand, analyzing from the 




Figure 4 A Template of the Cause-and-Effect Diagram (Created by the researcher) 
Method Three - SPC Control Chart 
In order to reduce the highest number among SEV, OCC, and DET, a Statistical Process 
Control Chart – Powder Paint Thickness with a Job Instruction Breakdown is constructed for 
paint line to reduce the highest number in the previous PFMEA. In this research, the highest 
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number among them is the detection number for paint thickness, which are 9. Figure 5 presents 
the DET ranking that has been used in the facility. The reason of detection of paint thickness is 9 
because the paint thickness of the product is not being monitored regularly.  The quality team 
and the researcher expected to provide a recommendation action to reduce the DET to Rank 5 
that ensure the paint thickness would be regularly monitored. In order to do so, the researcher 
used SPC Chart recorded the paint thickness and ensured paint adhesion before the products 
being shipped to customer so that monitoring process capability and reducing the internal PPM.  
 
Figure 5 A Template of the DET Ranking (Provided by the facility)
Rank Likelihood of Detection by Process Control
Likelihood of 
Detection
10 No Current process control: cannot detect or is not analyzed Almost 
Impossible
9 Failure Mode & or Cause is not easily detected (e.g. random audits) Very Remote




Failure Mode detection in-station by operator through 




Failure Mode detection in-station by operator through use of attribute 




Failure Mode or Error Cause detection in-station by operator through the 
use of variable gauging or by automated controls in-station that will 
detect descrepant part & notify the operator.  (lights, buzzers)  Gauging 
performed on setup or 1st piece check.
Moderate
4 Failure Mode detection post-processing by automated controls that will 
detect discrepant part and lock part to prevent further processing.
Moderately 
High
3 Failure Mode detection in-station by automated controls that will detect 
discrepant part and lock part to prevent further processing.
High
2 Error (cause) detection in station by automated controls that will detect 
error and prevent discrepant part from being made.
Very High
1
Error cause prevention as a result of fixture design or part design.  

















































4.1 Data Collection  
 The researcher collected the secondary data by making a request to a manufacturing 
facility. All the data that appeared in this research has been got permission from the 
manufacturing managers. The primary data was collected from a production line in the 
manufacturing facility by the researcher. The data will provide: number of scrap, scrap cost, 
internal PPM, and the data of first past yield. All the data will include historical data from 
January 2017 to March 2018.  
 Pareto Chart Data 
 The PFMEA data that has been used for Pareto Chart was provided by the manufacturing 
facility including the template of PFMEA, the RPN of both previous and the current PFMEA. 
The facility also provided the First Past Yield Data including the number and cost of scrap, the 
reason of customer return to assist the researcher to analysis the PFMEA. 
 Cause-and-Effect Diagram 
Firstly, the quality team and the researcher brainstormed the causes/sub causes for the 
set-up scrap in order to provide recommendation actions to prevent scrap. In addition, in order to 
assist to analyze the Fishbone Diagram, the researcher classified daily set-up scrap according to 
the operators’ comments (reason) into an Excel sheet.  
 SPC Chart Data 
 The researcher developed a control chart for the paint line, and the operators would 
record the paint thickness for this type of bearing. The following Figure 6 depicts the SPC 
Control Chart that the researcher and quality team has developed. The lower specification from 
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the engineering standard is 2.0. The operators would use paint thickness gage to check the 
housing bearing whenever they run it. It required three samples per time and they would 
manually write down the average and range on the chart to see the variances of the paint 
thickness at the first. In order to ensure every operator could monitor the paint thickness 
correctly, the researcher developed a Job Instruction Breakdown, as Figure 7 below, with the 
SPC Chart to show the instruction of how to use the chart. 
 19 
 
Figure 6 An Example of SPC Control Chart of Paint Thickness and Adhesion 
 20 
 
Figure 7 Job Instruction Breakdown for Paint Thickness (Created by the author) 
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4.2 Data Analysis 
 The researcher conducts a mixed-method approach for the data analysis, using both a 
quantitative analysis and qualitative analysis. The quantitative analysis is performed on the 
secondary data gained from a manufacturing facility. The qualitative analysis is applied through 
PFMEA format by the researcher and the quality team from the facility. 
 First of all, the researcher sorted the RPN in order from the biggest number to the 
smallest. The Pareto Chart would show the main potential failure cause(s) such as supplier 
causes, set up causes, or operator causes and so on. Figure 8 is the Pareto Chart that the 
researcher created after sorted the RPN in order. According to the chart, the researcher and 
quality team focused on providing recommendation actions(s) on the majority of 80 percentage 
potential cause(s) in order to enhancing efficiency for this bearing production line.  
 
































































































































































Among the 80 percentages of the potential cause(s) of failure, Table 2 shows the percentage of 
set-up error, supplier error, operator error and other, respectively.   
Table 2 Percentages of Different Potential Cause(s) of Failure within First 80% 
POTENTIAL CAUSE (S) OF FAILURE PERCENTAGE 
Set-up Error (In House) 32.96% 
Supplier Error 26.70% 
Operator Error (In House) 26.28% 
Other 14.06% 
 
According to the Pareto Chart, since this research focuses on in house potential cause(s) 
of failure, the researcher and quality team provides a certain recommendation action(s) in 
advance aimed to the set-up error and operator error:  
1.  It requires supervisor’s signature on the scrap tag if it is over 5 pieces of set-up scrap; 
it also required to provide corrected action(s) if it is over 10 pieces of set-up scrap. Supervisor 
would be able to give the quickest responses to the operators whether they need engineer’s 
advice or more training.  
2. Developed High Energy Team (HET) from each department to participate the Gemba 
Board with managers. The Gemba Board recorded daily scrap for different department; the team 
leaders of HET would concentrate on discussing scrap issues with the managers. Each 
department set up the goal of their scrap pieces based on the average of six-month scrap that 
below budget. If the daily scrap was above the goal, the manager would provide corrected action 
to the department. It increased the operator’s contribution of participation to the facility and 
managers could notice the issues of production lines and give feedback directly to the operators.  
3. The quality team provided proper trainings to the operators before they actual operate 
the machines. The research developed the Job Instruction Breakdown to different department 
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including the instruction of operating machines, methods of checking tolerate after produced the 
products, and correct steps of filling scrap tag/form.  
 After the preliminary recommendation actions, the quality team and the researcher 
brainstormed the causes/sub causes for set up error. Figure 9 below is the cause-and-effect 
diagram of set-up error.  
 
Figure 9 Cause-and-Effect of Set Up Error (Created by the author) 
 In order to analyze the main issues of set up error, the researcher used the daily number 
of pieces of set up scrap to assist the Cause-and-Effect diagram to provide action(s). Figure 10 to 
18 are the Pareto Charts of Set Up Scrap from July 2017 to March 2018. It recorded the daily 
reason (comment) of set up scrap. It would not be a concern for the quality team and the 
researcher if it happened 1 or 2 scraps within one set up period. The operators required record the 
reason(s) if there was special reasons for their set up scrap or more scrap than usual in order to 
assist the quality team and the researcher to analyze the data so that they could provide action(s) 
or for continue improvement in the future.  
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According to the Pareto Chart, the researcher focused on the reason of set up scrap within 
the first 80 percent. “No Comment” could be viewed as normal since a single or a couple scraps 
from one set up were reasonable. Besides it, Table 3 showed the other set up scrap reasons 
within the 80 percent. According to the table, the main causes/sub causes for set up scrap would 
be Manpower, Machine, or Method. Some scraps had obvious reasons; some might be caused by 
multiple reasons. For instance, “swing bad” “big bore”, and “loose torque” could be multiple 
reasons to cause it out of tolerant. It could because of the machine just being changed new insert, 
or it could be operator use reamer rub out too much material etc. In this case, environment and 
materials did not have a significant impact on set up scrap. As a result, the researcher would 
focus on providing action(s) on these three of them.  
Table 3 Main Reasons of 80% Set Up Scrap 
REASONS MONTHS POTENTIAL CAUSE (S) IN FISHBONE 




Manpower, Machine, Method 
Bore off center July Manpower, Machine 
Reset Offset July, August Manpower, Machine 





Manpower, Machine, Method 






Adjust overall pilot October Manpower, Machine 
Loose Torque January Manpower, Machine, Method 
Hole Location March Manpower, Machine 
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According to the result, the reasons of the set up scrap were not only caused by a single 
factor, but multiple reasons. It required the quality team and the researcher provide the 
recommendation action through multiple perceptivities in order to prevent the failure in advance.  
At last, in order to reduce the highest number of DET in PFMEA, the researcher revised a 
SPC template that had been used in the facility into a form for recording paint thickness in paint 
line.  Table 4 below is the data of paint thickness from December 2017 to February 2018. The 
researcher used Minitab to transfer the data into a control chart. Figure 19 below was the Process 
Capability Sixpack for Paint Thickness.  
Table 4 SPC Data for Paint Thickness of A Block 




3 TOTAL XBAR R 
1 12/11 12:15 4.30 4.00 4.15 12.45 4.15 0.30 
2 12/13 12:20 4.30 4.55 3.82 12.67 4.22 0.73 
3 12/15 12:15 4.82 5.10 4.73 14.65 4.88 0.37 
4 12/18 8:30 3.54 3.82 3.28 10.64 3.55 0.54 
5 12/20 6:45 3.98 3.74 3.92 11.64 3.88 0.24 
6 1/3 1:30 2.98 3.16 3.10 9.24 3.08 0.18 
7 1/5 9:10 2.43 2.60 2.39 7.42 2.47 0.21 
8 1/10 2:15 3.44 3.62 3.56 10.62 3.54 0.18 
9 1/22 10:00 4.82 5.13 5.02 14.97 4.99 0.31 
10 1/24 1:30 4.32 4.58 4.54 13.44 4.48 0.26 
11 1/25 7:45 4.08 4.23 4.36 12.67 4.22 0.28 
12 1/26 1:45 3.82 3.29 3.48 10.59 3.53 0.53 
13 1/29 8:00 4.74 3.47 4.14 12.35 4.12 1.27 
14 1/30 6:30 3.21 4.41 3.74 11.36 3.79 1.20 
15 2/6 12:15 4.29 3.96 4.20 12.45 4.15 0.33 
16 2/7 10:30 5.12 4.78 5.29 15.19 5.06 0.51 
17 2/8 7:30 4.36 4.82 4.76 13.94 4.65 0.46 
18 2/15 12:45 4.92 5.12 4.84 14.88 4.96 0.28 
19 2/19 12:45 4.92 5.12 4.84 14.88 4.96 0.28 
20 2/22 10:50 5.13 4.86 4.98 14.97 4.99 0.27 
21 2/22 12:10 3.13 3.98 3.30 10.41 3.47 0.85 
22 2/27 1:00 4.58 4.32 4.54 13.44 4.48 0.26 
23 2/28 9:30 4.45 4.82 5.05 14.32 4.77 0.60 
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The researcher logged in the data above into the Minitab to analyze the process capability of 
paint thickness. Among the data from December 2017 to Febuary 2018, all the data showed that 
the paint thickness of the producs were above Lower Specification Limit, which was 2.0 from 
engineering perspective. At this moment, there was no Upper Specification Limit in the facility 
yet, however, the quality team would like to minimize the USL as much as possible by using this 
SPC chart. In this research, the quality team agreed to set up the USL of 6.0. As a result, the Cpk 
was 1.10 in this case. It presented the process was capable, but it still has room to improve to 
1.33, which is the “perfect” Cpk for six sigma. In addition, the average chart showed there was a 
red deep in this process, which was data number 7. As the table above showed, the data number 
7’s data was 2.43, 2.60 and 2.39, which were all meet the engineering requirment 2.0. So they 
should not be considered as noncomforming products, it could be viewed as there was special 
causes for that part’s paint thickness.  
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IMPLICATION AND RECOMMENDATION 
5.1 Implication 
PFMEA was a significant method for quality improvement for this bearing production 
line. It could be revised regularly in order to adopt the current status of the production line and 
meet manufacturing regulations. Therefore, a certain recommendation actions had been taken in 
order to reduce RPN in PFMEA. Such as supervisor signature for 5 pieces of set up scrap, 
correct action taken for 10 pieces, generally used JIB for guidance, and HET joined the daily 
Gemba Board meeting. 
After the preliminary recommendation action(s) had been taken for the set up scrap, the 
researcher analyze the First Past Yield data, which was provided by the facility, in order to 
monitor the trending of the set up scrap cost and pieces. According to the data, after the 
recommendation actions, the set up scrap has been reduced 23%. Figure 21 showed the trending 
of set up cost from January 2017 to February 2018. It saved approximately 2,000 dollars per 
month for the facility.  
Table 5 Average Monthly Set-Up Amounts of JAN 2017 to Feb 2018 
YEAR SET UP AMOUNT 
Average of JAN to NOV 2017 $9,688.86 




Figure 11 Trending of Set Up Cost From JAN 2017 to FEB 2018 
 In addition, the Internal PPM showed a decreased trending after the recommendation 
actions provided. Figure 22 below is the trending of Internal PPM from January 2017 to 
February 2018.  
 
Table 6 Average of Internal PPM from JAN 2018 to FEB 2018 
YEAR INTERNAL PPM 
Average of JAN to NOV 2017 42,140 





Figure 12 Trending of Internal PPM from JAN 2017 to FEB 2018 
5.2 Recommendation  
 After the researcher analyzed the data in this research, there are a certain 
recommendations that the researcher would like to provide in order to enhance efficiency:  
1. “Change insert” could be caused by multiple reasons. It was reasonable happened during the 
set up, or it could be operator error or machine issues. Operator error, it could be the operator 
zero out the CNC machine when it was warning to change insert after it cut a certain amount of 
parts.  
3. “Big bore”, “loose torque”, “swing bad” and other scraps were also reasonable happened 
during the set up. HET could help since the senior operators were the most experience and could 
provide professional advices to the new and other operators. Regularly meeting and training for 
the operators would be the best for them to communicate their experience and also could 
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understand what was the most concern they had when they were operating the machine. Every 
month, different department could record their “Star Operators”.  
4. The researcher highly recommends the quality team check the gages for each machine and 
paint the gage into different color from each area in order to prevent missing gage or broken 
gage. It could enhance consciousness of responsibility of the operators on how they are going to 
use their measurement. Regularly training to the supervisor and operators are also really 
important. 
5. In order to reduce the scrap by used not standard method, the researcher highly recommends 
the quality team update the scrap form. Figure 19 was the current scrap form that has been used 
in the facility for both scrap and teardown/rework. It worked well with the daily scrap but it was 
not able to display the two different types of finished products by using this form, which was 
significantly impact the method on how would quality team input them into the system. The 
accountant needs to check and adjust the inventory constantly if the scrap/teardown/rework did 
not being input correctly. Take a case study, assuming one product costs 7 dollars, however, it is 
composed of inner, outer, retainer and seals. After the teardown process, the scrap should only 
take out off the components such as inner and seals, which may cost 0.5 dollar for both. By using 
the current form, it is not able to identify the type of the product and may directly scrap the 
whole product, which would take out $7 out of the account and also every component from the 
inventory. It can cause wrong quantity in the inventory, working time to tracking the actual 
inventory number; it can also affect inventory availability and the customer service. The 
researcher highly recommended updates the current form to the new form below and provide two 
JIBs for correct filling. 
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Figure 13 Current Scrap Form (Provided by the facility) 
 
Figure 14 New Form for Scrap/Teardown/Rework (Created by the researcher) 
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6. The reason code for set up could be updated more detailed in order to assist the quality team 
monitor the scrap reason more accurate.  
7. The internal PPM number seems not accurate. The researcher recommends change the 
measurement of how to calculate the number of defective units. It would be more accurate using 
the number of pieces scraped divided by the number of pieces used.  
5.3 Limitations & Recommendation for the future study 
 The researcher was a graduate student without a long experience of working in the 
manufacturing. The PFMEA had analyzed by her point of view and other two supervisors from 
the quality department. Three of them had discussed the risk of each step from the PFMEA and 
had a limited understanding of the risk of each step.  
All the first hand data had been collected from the facility from Jan to March 2018. Time 
limited was one of the limitations as well. The data for 2018 only included January to Feb, it 
only showed the trending of the data but not comprehensive for full year.  
The researcher only focused on three causes of set up scrap due to the time limit. For the 
future study, it could run a Design of Experiment (DOE) and Analysis of Variance (ANOVA) to 
analyze the interactions between different reasons of set up scrap. It could also analyze for the 
paint thickness target. The target for paint thickness was 3.0, however, from the previous test, it 
could possibly cause the products did not be attached with the paint powder after they went 





Bhamu, J., & Singh Sangwan, K. (2014). Lean manufacturing: literature review and research 
issues. International Journal of Operations & Production Management, 34(7), 876-940. 
Binggang Wang. (1999). Lecture on Modern Quality Engineering Methodology (11) - Chapter 
12 Failure Modes and Effects Analysis of Products and Processes World Automobile, 4, 
012. 
Besterfield, D. H., Michna, C. B., Besterfield, G. H., & Sarce, B. M. (2003). Total quality 
management. 3rd Edition, Prentice Hall.  
Coelho, F., & Pierre, F. C. (2015). Use of PFMEA methodology as a competitive   advantage for 
the analysis of improvements in an experimental procedure. GEPROS: Gestão da 
Produção, 10(4), 101-120. 
Chen He (2013). From Lean Manufacturing to Lean Enterprise. New Technology, (10), 103-108. 
Dachang Tang. (2012). Study on New Product Quality Management Based on Failure Mode and 
Effect Analysis for Company M, Tianjin: Tianjin University. 
Das, P. (2011). QUALITY IMPROVEMENT INITIATIVES FOR SUPPORT FUNCTIONS IN 
AN INDUSTRY: TWO CASES. Center for Quality. 
de Aguiar, D. C., Salomon, V. A. P., & Mello, C. H. P. (2015). An ISO 9001 based approach for 
the implementation of process FMEA in the Brazilian automotive industry. International 
Journal of Quality & Reliability Management, 32(6), 589-602. 
Estorilio, C., & Posso, R. K. (2010). The reduction of irregularities in the use of “process 
FMEA”. International Journal of Quality & Reliability Management, 27(6), 721-733. 
Grosfeld-Nir, A., Ronen, B., & Kozlovsky, N. (2007). The Pareto managerial principle: when 
does it apply? International Journal of Production Research, 45(10), 2317-2325. 
 35 
Jiaming Ji. (2001). Potential failure modes and consequences of process analysis. Irrigation and 
drainage machinery, 19 (4), 37-39. 
Marin-Garcia, J. A., & Bonavia, T. (2015). Relationship between employee involvement and 
lean manufacturing and its effect on performance in a rigid continuous process industry. 
International Journal of Production Research, 53(11), 3260-3275. 
Piątkowski, J., & Kamiński, P. (2017). Risk Assessment of Defect Occurrences in Engine Piston 
Castings by FMEA Method. Archives of Foundry Engineering, 17(3), 107-110. 
Patel, G. S., & Mawandiya, B. K. (2017). Productivity Improvement of Rubber Roller Mixing 
Process using Cause and Effect Analysis: A case study. Nirma University Journal of 
Engineering and Technology, 5(2), 24-31. 
Quick Guide to Failure Mode and Effects Analysis. (n.d.). Retrieved February 22, 2018, from 
https://www.isixsigma.com/tools-templates/fmea/quick-guide-failure-mode-and-effects-
analysis/ 
SAS Publishing, C. (2010). JMP, Release 9: Quality and Reliability Methods. Cary, N.C.: SAS 
Publishing. 
Sloas, P. R. (2017). Lean Process Improvement and Quality Analysis for Performance 
Rework (Doctoral dissertation, Morehead State University). 
Saniga, E. M. (1989). Economic statistical control-chart designs with an application to and R 
charts. Technometrics, 31(3), 313-320. 
Sarfaraz, A., Jenab, K., & D'Souza, A. C. (2012). Evaluating ERP implementation choices on the 
basis of customisation using fuzzy AHP. International Journal of Production 
Research, 50(23), 7057-7067. 
Standard, U. M. (1980). MIL-STD-1629A. Procedures for Performing a Failure Mode, Effect 
and Criticality Analysis, Department of Defense, USA. 
 36 
Shirshendu Roy, & Prasun Das. (2011). QUALITY IMPROVEMENT INITIATIVES FOR 
SUPPORT FUNCTIONS IN AN INDUSTRY: TWO CASES. International Journal for 
Quality Research, 5(3), 169-177. 
Tanık, M. (2010). Improving “order handling” process by using QFD and FMEA methodologies: 
a case study. International Journal of Quality & Reliability Management, 27(4), 404-423. 
Vijay S. Chudiwal, Sadhana Shahi, Swapnil Chudiwal. (2017) Development of sustained release 
gastro-retentive tablet formulation of nicardipine hydrochloride using quality by design 
(QbD) approach. Drug Development and Industrial Pharmacy 0:0, pages 1-13.  
Womack, J. P., & Jones, D. T. (2010). Lean thinking: banish waste and create wealth in your 
corporation. Simon and Schuster. 
What Are Quality Assurance and Quality Control? (n.d.). Retrieved February 20, 2018, from 
http://asq.org/learn-about-quality/quality-assurance-quality-control/overview/overview.html 
Yun Li, Jianmin Ma, & Weiping Qiu. (2012). Innovative team management using PFMEA 
principles. Shanghai Quality, 5, 024. 
Yonatan Mengesha Awaj, Ajit Pal Singh, & Wassihun Yimer Amedie. (2013). QUALITY 
IMPROVEMENT USING STATISTICAL PROCESS CONTROL TOOLS IN GLASS 
BOTTLES MANUFACTURING COMPANY. International Journal for Quality Research, 
7(1), 107-126. 
Yongli Wu, Xiao Qin, Xin Fang, & Xiaoling. (2015) Plato analysis in reducing the loss of 

























Revised by the researcher in April 2018 
  
 39 
Appendix B: Excel Spreadsheet of ordered RPN of PFMEA 
 
 
Data provided by the facility, Analyzed by the researcher in April 2018  
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